1993). Therefore they cannot or do not apply classical theories of choice (e.g. Edwards, 1961) .
NDM research has shown some of the alternative decision processes that are used. The main analytic decision making process proposed in NDM models involves story building. This occurs when the situation does not clearly match a familiar pattern (Klein, 2008) . The decision maker links the information available into a coherent account that explains the situation. This narrative explanation of the facts aims to provide a plausible explanation of the events that led to the current situation. It also allows a mental simulation of the future consequences of following a course of action that is used to evaluate the effectiveness of that action.
A number of studies have shown that decision makers construct stories of events during the decision making process. Kaempf et al. (1996) found that 12% of decisions in naval commandand-control environments depended on story building. Armenis and Neal (2008) found that senior managers making employee promotion decisions constructed stories about the consequences of decisions in 81% of cases. Lipshitz and Shulimovitz (2007) found that negative feelings were aroused in loan officers making credit decisions if a client's story was unpersuasive, suggesting a more emotional evaluation of the coherence of a story.
A story building model has also been proposed by Pennington and Hastie (1986 , 1988 , 1992 to describe juror decision making. According to this model, jurors use the evidence to construct a story of what happened. The story is an explanation in terms of the causes and intentions of the people and events and how these unfold over time. The story is then used as a basis for choosing the verdict. Hence these theories propose that decision makers construct a chronological narrative of events to guide their decisions.
However, building a chronological story is only one way of forming and testing a coherent account of a situation. Schum (1993) referred to this approach of developing a chronological story of legal evidence as a temporal structure. He contrasts this with a relational structure in which events and information are combined in novel ways to form reasons or justifications for a conclusion. This might involve bringing together temporally disparate or diverse facts rather than Running head: NATURALISTIC DECISION MAKING THROUGH ARGUMENTATION 6 only linking them chronologically. Thus relational structures represent explicit arguments in which evidence is linked to conclusions. This might include some narrative elements, but is not limited to it. Weinstock (2011) likened the contrast of temporal and relational structures to Bereiter and Scardamalia's (1987) distinction between 'knowledge-telling' and 'knowledgetransforming'. Whereas in knowledge-telling people construct a representation that simply tells the story of what happened, in knowledge-transforming people select, reorganise, integrate, and synthesise information in alternative ways to meet a goal of drawing conclusions about the situation.
Schum proposed that temporal and relational structures are used by legal professionals.
Explicit argumentation has also been proposed in other areas of expert decision making. Cohen, Freeman, and Wolf (1996) propose an NDM model in which people assess uncertain situations by developing arguments. Their recognition/metarecognition model suggests that people recognise arguments linking evidence (e.g. gunboat turning towards ownship) and conclusions (e.g. therefore the gunboat is hostile). These are then critiqued to improve the accuracy of the argument and the resultant decision. However, whilst this model is popular, there is little published empirical research testing it and so the prevalence of this form of argumentation is not known.
Under what circumstances would an argument-based decision process be favoured over a story building process? The construction of arguments is more common when decision makers are motivated to explicitly justify or persuade that a decision is correct (e.g. Mercier & Sperber, 2011) or to explicitly resolve an uncertain issue (e.g. Cohen et al., 1996; Schum, 1993) . This contrasts with the story building process in which one version of the story is selected because it is intuitively more plausible (e.g. Pennington & Hastie, 1986) . Therefore the difference lies in the use of explicit reasons to support a decision, resolve uncertainty or contrast alternative possibilities.
Overall, previous research suggests that analytic NDM involves the construction of a story of the situation that is used to explain the events that led to the current situation and simulate the consequences of a course of action. However, a coherent account of a situation need not take the form of a chronological sequence of events. Events could be linked through diverse arguments to inform a decision. This may be more common in domains where explicit argumentation to support a decision or to resolve uncertainties is necessary or is an organisational norm. These domains have been less frequently studied within NDM (Gore, Banks, Millward, & Kyriakidou, 2006) . We will explore analytic naturalistic decisions in a domain like this in order to discover if argumentation-based decision making is more common under these circumstances, and if so, how arguments are used.
Overview of the Study
In this study we examine naturalistic decisions that are made in a context that allows the opportunity for analysis and deliberation. The domain we study is resolving labour disputes.
Labour disputes display many of the characteristics of naturalistic decision making. Labour officers are required to resolve disputes using evidence about the case that is complex and uncertain, and they draw upon their experience to establish the correct course of action in each unique case. We will compare expert and novice labour officers within the Department of Labour in Malaysia to establish the differentiating characteristics of expert decision makers.
Participants will be asked to decide on the correct course of action in a series of realistic labour dispute scenarios. Whilst they are doing this they will think aloud, allowing us to capture their decision processes within a verbal protocol (Ericsson & Simon, 1980) . This method has been used successfully before to analyse naturalistic decision making in intelligence analysis (Roth et al., 2010) and in the development of explanation-based decision making by Pennington and Hastie (1986) . One concern about the use of verbal protocols is that requiring participants to think aloud could influence their thought processes. For example, Nisbett and Wilson (1977) Running head: NATURALISTIC DECISION MAKING THROUGH ARGUMENTATION 8 found that participants often gave inaccurate explanations for their behaviour because they did not have access to their own cognition. However, more recent research shows that the validity of the approach is determined by the verbalisation instructions used (Ericsson, 2002; Ericsson & Simon, 1993) . The least interference occurs if participants are simply asked to report what their current focus of attention is, rather than explain or justify their behaviour. This instruction captures what is on the mind of the participant but does not change it. This is the instruction that we adopt and therefore we believe that our verbal protocols will not have greatly influenced the decision process.
The protocols will be coded to assess the frequency of different components of the decision process in the different experimental groups to establish if they are more consistent with a story building or argumentation-based approach. To do this we will apply Toulmin's model of arguments (Toulmin, 1958) . If decisions are made based on arguments, this coding scheme will extract the components of those arguments. If, on the other hand, decisions are made through constructing narrative accounts of the evidence, this coding scheme will extract the events used within the story and the decision that follows from it but no further components of explicit argument will be found.
Toulmin's model of arguments is an influential account of practical reasoning; an approach to reasoning that explores how reasons are used in deciding how to act (e.g. Erduran, Simon, & Osborne, 2004; Hitchcock, & Verheij, 2007; Prakken, 2005) . He describes the essential elements of an argument as the relationship between a claim that is being made, the evidence that supports the claim, and the explanation why that claim is justified by the information presented.
In a labour dispute, the claim is the decision or conclusion that has been made that resolves the case. An example of a claim in this context is 'the worker is eligible for his termination benefit'.
The information or evidence that supports the claim is referred to as data. An example of data is 'the employment of the worker has been terminated without the benefit agreed in the worker's employment contract'. The justification that the data supports the claim is referred to as a warrant. An example of a warrant is 'if he worked for more than a year, then the worker is eligible for termination benefit'. In addition to these essential components of an argument, there are three auxiliary components. If the warrant is fallible, it can be reinforced with backing from more general statements. An example of a backing statement in a labour dispute is to support the warrant with reference to the law, e.g. 'the worker is protected under the Employment Act'.
Sometimes claims are questioned with a rebuttal e.g. 'unless the employer proved that the worker was employed for less than one year'. Finally, claims can be moderated with a qualifier e.g.
'probably' or 'almost certainly'.
If participants construct a chronological narrative of the events there will be a high frequency of data statements in their protocols as they refer to evidence about events in the scenario. They will also make claims, which are their decision based on the narrative. However, the other codes refer to components of an argument that are not frequently used in constructing a narrative account and so will not be common. Figure 1 presents an example of a story that is built from the evidence in a scenario to illustrate the coding of events as data in a chronological sequence.
If participants make a decision based on arguments, there will be data statements and claims in the protocols as they refer to evidence and report their decisions. In addition, there will be more warrants and backing statements. These statements provide the reasons that link the evidence to the conclusion in arguments and so will be more frequent in argument-based decisions. If the argument process is highly sophisticated, as Schum (1993) suggests, participants will also use rebuttals and qualifiers to explicitly construct counter-arguments and moderate the strength of conclusions. Figure 2 presents an example of an argument for a decision linking evidence to a conclusion. The key difference in this structure compared to Figure 1 is that the evidence is not simply retold within a narrative (i.e. employee offered job 18/2/2004) but that this fact is interpreted to focus on the salient feature -that the employee has been in work for more than one year. This is then combined with the relevant warrant -employees who work for more than one year are eligible for termination benefit -to present an explicit argument justifying the decision. This illustrates the coding of a simple argument applying the components from Toulmin's argument model. The argument could be elaborated with more data, rebuttals, etc.
Our first aim is to compare expert and novice labour officers to establish the differentiating characteristics of expert decision makers. We hypothesise that expert decision makers will make more accurate decisions than novices, i.e. their claims will be correct, reflecting their expertise in this domain. It has been shown that experts do not rely on more information than novices (Shanteau, 1992b ) and so we hypothesise that there will be no difference in the frequency of data statements between expert and novice decision makers. Finally, the critical hypothesis to contrast the story building and argument-based decision making account depends on the frequency of warrant and backing statements. If the story building account is correct, these statements will not be used frequently by either group and there will be no differences between them. However, if expert decision making in this domain does rely on argumentation, the expert officers will make more frequent use of warrants and backing statements than novices. Furthermore, across both conditions, the frequency of warrants and backing statements will correlate with decision accuracy if these components of arguments are used in good decision making. Finally, if expert decision making in this domain relies on sophisticated arguments, the expert officers will make more frequent use of rebuttals and qualifiers.
Our second aim is to improve decision making in this domain using a decision aid. We will develop a decision aid that asks questions that will improve decision making. The questions will be presented in the form of a checklist. Checklists have often been used in organizational interventions (e.g. Bacon, Fulton, & Malott, 1983; Doll, Livesey, McHaffie, & Ludwig, 2007) and their value in improving decision making in applied settings has been popularised by Gawande (2010) . Checklists are simple and robust, increasing the ease with which they can be applied in practice and making them an ideal aid for naturalistic decision making.
We will construct the decision aid using a focus group of subject matter experts (SMEs) to discover the key information used and questions asked in making a decision in this domain.
From this we will develop a series of questions that encourages decision makers to follow the process advocated by the SMEs. Thus the questions chosen were not taken from an imposed theoretical framework, they emerged from the consensus that the SMEs formed. To investigate if the SMEs advocate a role for argumentation in their set of key questions we will map the questions onto Toulmin's argument model. We predict that if decisions are made through a process of argumentation, questions in this aid will map onto the components of Toulmin's argument model. If argumentation is not used, then they will not.
We hypothesise that novice decision makers using the decision aid will make more accurate decisions than those without. We further hypothesise that, if the decision aid does encourage argumentation, the decision aid will increase the frequency of data, warrant, and backing statements as the checklist would encourage all of these components of the argument to be made explicit. However, we hypothesise that the decision aid will not influence the accuracy or decision process of expert decision makers as they already perform at a high level in this task without the aid.
Method Organizational Setting
The study was carried out in the Department of Labour in Peninsula Malaysia in 2011. The labour department ensures that workers' rights and welfare are protected without jeopardising the interests of employers. This study focuses on how labour officers within the department resolve disputes between workers and employers. Labour disputes are defined as the failure of employers or employees to fulfil the provisions and requirements set out under the Employment Act 1955 or its regulations. The jurisdiction of the Labour Court in resolving labour disputes in the private sector involves an important decision process and is a core activity in the Department of Labour.
Although there is a legal framework that must be applied, this does not mean that the decision is made simply by applying a series of rules to reach a decision. The cases that labour officers resolve are complex and uncertain. It is in the nature of a dispute that the solution is not resolvable in a straightforward manner. The cause of the uncertainty includes ambiguous, conflicting or missing information. For example, one scenario presented a dispute over nonpayment of an employee's salary. This included the statement that 'In the contract of service it was stated that the employer will bear the cost of school fee and buy return air tickets to all family members once a year without quoting the amount.' The labour officer must then address questions such as: can the money be claimed instead of an air ticket? Why has this particular size of claim been chosen and is it valid? To what extent does this reflect current ticket prices, or prices in previous years? All of the labour cases contain uncertain points. Furthermore, by definition, the disputing employer and employee present conflicting accounts of these uncertain points. Hence there is not a clear set of facts that the law unambiguously maps onto. The essence of resolving a labour dispute is to reach a decision based on uncertain and conflicting information.
Participants
Fifty labour officers from the Department of Labour in Malaysia participated in the study.
Participants were allocated to the expert group on the basis of the number of cases that they had worked on, their length of service in the department, and their job level. The expert officers had a mean age of 42.7 years (SD = 7.04), had worked on a mean of 890.80 cases (SD = 779.92) throughout their career at the time of the study, and had served for a mean of 15.80 years (SD = 7.60). There were 12 men and 13 women in this group. The novice group were trained and qualified in resolving labour disputes and were knowledgeable about the context and the procedures, but had not yet worked on many real cases. The novice officers had a mean age of 29.68 years (SD = 3.79), had worked on a mean of 21.84 cases (SD = 37.06) throughout their career at the time of the study, and had served for a mean of 2.24 years (SD = 0.88). There were 14 men and 11 women in this group. The officers job grades ranged from S27 (assistant labour officer) through to S51 (chief assistant director). Assistant labour officers possess a higher secondary certificate and can be promoted after 10-15 years of service. Higher grades possess a degree in various subjects typically HR, economics or law. The frequency of grades represented in the expert group were S52 = 1, S48 = 1, S44 = 12, S41 = 6, S38 = 4, S32 = 1. The frequency of grades represented in the novice group were S41 = 15, S27 = 10.
As a manipulation check, we assessed the differences in the number of cases resolved in the different experimental conditions. The expert group had resolved more cases than the novice group (F 1, 46) = 31.60, p = .001, ηp 2 = .41, demonstrating that they were indeed more experienced. However there was no difference in the number of cases resolved in groups that completed the task with and without the decision aid F (1, 46) = 0.64, p = .43, ηp 2 = .01, demonstrating that differences between these groups were not attributable to differences in experience.
Materials
Six scenarios were developed for use in the study by the first author, a subject matter expert. However, a new driver was employed on the 5/10/2006 (informed by the worker). I
found that it was very unfair to me and the amount paid was not according to labour law.
Evidence from the defendant
As one of the directors, I agree that the company was not doing well. However, the worker had been informed verbally that his last working day will be on the 1 st September 2006. He agreed to accept RM1500 as compensation and walked off without any disapproval.
After reading each case the labour officers decided how it should be resolved.
Development of the decision aid. The decision aid was developed through a focus group with four SMEs and the first author (also an SME). The aim was to develop a set of questions that could form a checklist to ensure that the decision maker has addressed all of the key points in the case and had followed a sound decision making process to reach a good decision. To do this, the SMEs discussed two questions. 'What are the most important questions that you ask yourself when making a decision?' and 'What is the most important information to look at when making a decision?'. The SMEs generated a number of possible answers to these questions that were discussed before finally agreeing upon a set of six questions. We assessed if these questions can be mapped onto Toulmin's argument model, and it is notable that they each emphasise the need 
Results

Protocol analysis
The verbal protocols were transcribed and coded by the first author, a subject matter expert.
A randomly selected subset of 20% of the protocols was rated by a second subject matter expert who was blind to the experimental hypotheses. Cohen's Kappa was 0.93 indicating a high level of inter-rater agreement (Landis, & Koch, 1977) .
The verbal protocols were coded to determine the frequency of data, warrants, claims, backing, qualifiers, and rebuttals. However, after initial coding it became clear that rebuttals and qualifiers were not used by these participants. These elements are not considered by Toulmin to be essential components of an argument. Therefore only the three essential elements of an argument -data, warrant, and claim -and backing were coded. The elements of the argument were identified within the transcript using the method proposed by Fisher (2004) . He describes specific words that signal either reasons or claims. Table 1 presents the mean frequency of the codes in each condition.
Frequency of Argument Model Codes
-----------------
Insert Table 1 about here
Claims. Claims are the decisions made that resolves the case. An example of a claim is: "so the employer should pay notice in lieu, termination benefit and balance of annual leave". An overall measure of accuracy was calculated by dividing the number of correct claims by the total number of claims made, both correct and incorrect, to assess the proportion of correct claims made. Expert decision makers made a significantly higher proportion of correct claims than novices F(1,46) = 6.26, p = .02, ηp 2 = .12. Decision makers using the decision aid made a significantly higher proportion of correct claims than those without the aid F(1,46) = 46.32, p = .001, ηp 2 = .50. There was no significant interaction between level of experience and use of the aid on the proportion of correct claims made F(1,46) = 1.83, p = .18, ηp 2 = .04. These findings support our predictions that expert decision makers make more accurate decisions than novices, and that the decision aid increased the accuracy of decisions. However, unexpectedly, there was no interaction of experience with use of the aid. That is, the decision aid did not solely improve accuracy of novice decision makers; it improved the expert decision makers' accuracy too.
Warrants. Warrants refer to the justifications given for a decision. An example of a warrant is: "because the worker was not given the chance to defend, they conducted a verbal domestic inquiry and no evidence was submitted to court". Expert decision makers used significantly more warrants than novices F(1,46) = 11.48, p = .001, ηp 2 = .20. Decision makers using the decision aid used significantly more warrants than decision makers without the aid F(1,46) = 134.58, p = .001, ηp 2 = .75. There was no significant interaction between level of experience and use of the aid on the frequency of warrants F(1,46) = 0.16, p = .70, ηp 2 = .003. As predicted, expert decision makers refer to more warrants than novices, and the decision aid increases the use of warrants in decision making.
Not only were warrants more frequent with experience and when using the aid, but the variety of warrants increased too. The mean number of different types of warrant used in each of the cases without the aid was 1.00 (SD = 1.22) for novices and 4.17 (SD = 3.37) for experts. The mean number of different types of warrants used in each of the cases with the aid was 13.33 (SD = 3.56) for novices and 13.00 (SD = 1.90) for experts.
Backing. Backing statements refer to general statements that reinforce the warrant, in this case references to the part of the Employment Act that supports the warrant. An example of a backing statement is: "according to Regulations 6 (Termination and Layoff Benefits, 1980) if the worker worked for more than 12 months continuously, he/she is eligible for termination benefit". There was no significant difference in the frequency that expert decision makers made backing statements compared to novices F(1,46) = 1.53, p = .22, ηp 2 = .03. Decision makers using the decision aid made significantly more backing statements than decision makers without the aid F(1,46) = 4.10, p = .05, ηp 2 = .08. There was no significant interaction between level of experience and use of the aid on the frequency of backing statements F(1,46) = .06, p = .81 ηp 2 =
.001. Our hypothesis that expert decision makers would make more backing statements was not supported, but the decision aid did increase the use of backing statements as we predicted.
Data. Data refer to the evidence from the scenario that is repeated in the protocol. An example of a statement coded as data is: "the worker is a production operator with a monthly salary of RM1300". There was no significant difference in the frequency that expert decision makers referred to data compared to novices F(1,46) = 0.57, p = .46, ηp 2 = .01. Decision makers using the decision aid referred to less data than decision makers without the aid F(1,46)=8.43, p = .01, ηp 2 = .16. There was no significant interaction between level of experience and use of the aid on frequency of referring to data F(1,46) = 0.30, p = .59, ηp 2 = .006. As predicted, expert decision makers did not use more data in their decisions than novice decision makers. However, opposite to our prediction, the decision aid reduced the use of data.
Correlations. Table 2 presents the correlations between the frequencies of each code. The frequency of data correlated positively with frequency of backing statement. That is, participants who mentioned the evidence more also mentioned the act more. However, neither of these factors was associated with the proportion of correct conclusions drawn. The largest correlation was between the frequency of warrants and the proportion of correct conclusions. That is, those participants who gave more reasons and justifications for their decisions also made more accurate decisions. Table 2 about here
Discussion
The aim this study was to explore how analytic naturalistic decisions are made. The domain we studied was resolving labour disputes. We found that decisions made by more expert labour officers were more accurate than novice officers and that they were more likely to use warrants, that is justifications, during the decision process. The number of justifications considered correlated positively with decision accuracy. Our second aim was to develop and test a decision aid. We found that those using the decision aid made more accurate decisions and that they were more likely to use warrants and backing statements during the decision process. These results demonstrate that, in this domain, making decisions by considering arguments that link evidence to conclusion with explicit reasoning is characteristic of accurate, expert decision making.
Naturalistic Decision Making Through Argumentation
The main analytic decision making process proposed in NDM models involves constructing a story of the situation to explain and simulate the consequences of decisions. The contribution of this study to NDM is the finding that explicit argumentation is valuable when it is necessary to demonstrate the accuracy of a decision and to explicitly resolve inconsistent and uncertain information. Experts use argumentation-based decision making more than novices and using arguments is associated with increased accuracy of decision making. Whilst argumentation has been suggested elsewhere in the NDM literature (e.g. Lipshitz, 1993) , there has been little empirical research demonstrating its role in expertise and accurate decision making.
Furthermore, the study indicates how arguments are used. Whilst an increase in warrants was associated with good performance, there were no rebuttals or qualifiers. Rebuttals and qualifiers
are not an essential part of an argument, according to Toulmin, but they do indicate a certain type of argument. Rebuttals are found when competing arguments are used to undermine a conclusion. They reflect a use of an alternative perspective to challenge a decision. Qualifiers indicate how a conclusion can be moderated. Together, these argument components would suggest a sophisticated argument process in which the decision maker weighs alternative arguments, leading to a decision based on an evaluation of different perspectives. However, this
is not what we found. We found that warrants were used to support a conclusion, but contrasting arguments were not used to rebut it. This suggests an argument process in which reasons are used to support a position but not to challenge it. This may imply a pattern of myside bias in which people generate more arguments in favour of their position than opposing it (Baron, 1995) , but the accuracy of the decisions suggests there is no bias. Instead, experts seemingly focus on the most valid arguments that support the correct decision without explicitly weighing alternatives.
Not only were more warrants used by experts, but the range of warrants used in each scenario was greater. It was not the case that experts simply said the same things more frequently. As warrants have emerged as an important part of the argument-based decision process, a limitation of this study is that different types of warrants were not coded separately and future research could explore them more to find how they differ. Green and McCloy (2003) found that the strength of arguments influenced the conclusions drawn by naïve participants. It is likely that this would also be the case for experts and so it would be informative to discover how argument strength is assessed and how this relates to the type of warrant.
The importance of warrants to justify a decision is not predicted by story building accounts.
These theories do not predict that explicit reasons to link events to a conclusion are central to accurate, expert decisions. Instead they rely on implicit judgements of coherence of a chronological explanation of events. The difference between the argumentation-based account proposed here and the story building accounts lies in the explicit use of reasons to argue for a conclusion. This distinction is similar to the contrast of relational and temporal structures proposed by Schum.
However, at a more fundamental level, there are similarities between these decision processes.
Both theories seek to develop coherent representations. That is, representations are developed that minimise the number of contradictions and inconsistencies between elements in the representations. For example, in a coherent account all the facts are explained or all the contradictory arguments are resolved. Coherence has been proposed as a basis for naturalistic decision making (Cropp, Banks, Eghlai, 2011; McAndrew, Gore & Banks, 2009 ) based on the work of Thagard (1989) but these models do not distinguish between different forms of coherent representation. We suggest that both story building and argumentation-based decision making are based on different forms of representation but the aim of both is to be coherent. (Mercier & Sperber, 2011) . Reasons for the conclusion are presented to demonstrate explicitly that the decision is correct. Argumentation is also better suited to explicitly resolving uncertainties or contrasting alternative possibilities (e.g. Cohen et al. 1996; Schum, 1993) . Therefore we propose that argumentation-based decision making will be more common in domains with these characteristics, generalising these findings beyond the domain of resolving labour disputes.
Argumentation-based Decision Aid
The practical application of the argument model was demonstrated through the development of the decision aid. This increased the accuracy of decision making by both novices and experts.
It was developed through an open-ended focus group discussion in which a consensus was reached by SMEs about the most important questions and information to assess when resolving a labour dispute. These questions were subsequently mapped onto Toulmin's argument model to assess if they prompted components of an argument model. There was a reasonable correspondence between them with the decision aid prompting the decision maker to assess data, warrants, backing, and rebuttals. This suggests that SMEs advocate argumentation as part of the decision making process.
The most effective aspect of the decision aid was the requirement to consider warrants and backing. The frequency of these statements increased, as did the accuracy of the decisions. As warrants are associated with accurate decisions, this implies that encouraging decision makers to develop explicit warrants emphasises the need for sound arguments and this leads to better decisions. Laboratory studies have shown requiring people to make reasons explicit emphasises analytic reasoning and improves its accuracy (Platt & Griggs, 1993) and the decision aid appears to have a similar effect. More surprising was the reduction in data statements given that the aid encourages decision makers to attend to them. It may be that decision aid encourages a more efficient processing of data so that each piece of evidence is not mentioned more frequently than is required. The lack of rebuttals is also surprising given the question encouraging decision makers to consider challenges to the claim. This suggests that the SMEs recognise the importance of this, but participants were not able implement the advice perhaps due to the cognitive complexity of holding competing arguments in mind simultaneously.
Whilst we did not conduct a formal evaluation of the subjective experience of using the decision aid, anecdotal evidence suggests that it was well received by the users. Several novice participants copied the decision aid for later use in their work and several expert participants suggested that it would be a valuable tool for training. Further research on this or similar decision aids would be necessary to assess their usability. Further research would also be valuable to discover how best novices could be trained using a decision aid. Indeed, given the improved performance of both experts and novices when using the aid, it is possible that the aid should be used by all employees.
Given the simplicity of our method for developing the decision aid, it is striking how effective it was. Although the questions in the decision were specific to this context, the simple method could readily be applied to other domains through a focus group with SMEs that elicits the key questions and information that they use in making analytic decisions. These findings suggest that the key component of the argument model is the elaboration of warrants, that is, the reasoned justifications or rationale behind the decision. Therefore we expect that checklists in other domains would be comprised of questions which encourage the exploration and development of reasons to support a decision. However, it is an empirical question which components of
Toulmin's argument model, if any, are found in decision aids in different domains.
Conclusion
To conclude, this study has investigated NDM in a domain with low time pressure and high novelty where there is no typical course of action. These circumstances are well suited to analytic decision making and are typical of many decision domains in business and organisational settings where analytic decision making is possible and potentially valuable. The study has shown that expert and accurate analytic decision making in this domain occurs through a process of argumentation rather than constructing a story of the situation. A key component of this is the explicit use of warrants or reasoned justifications for a conclusion rather than a story building process. A simple checklist based on the questions asked by SMEs mapped onto argument model, increased the frequency of warrants, and increased decision accuracy. This provides further support for the role of argumentation-based decision making in this domain. We suggest that argumentation-based decision making is more common because of the benefits of using explicit arguments to persuade others and demonstrate the accuracy of the decision and also the need to explicitly resolve inconsistent and uncertain information when making the decision. 
